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* NOTICES * 
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1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms a flasking layer and an N type epitaxial layer on a silicon 
substrate, The process which forms the N type well which the ion implantation of the N type 
impurity is carried out, and a bipolar transistor is formed on an epitaxial layer, and serves as 
collector area, The process which forms field oxide by oxidation, and the process which forms 
N+ diffusion layer in collector area, The process which carries out the ion implantation of the P 
type impurity, and forms the ion-implantation area for base area formation, The process which 
forms an oxide film 21, and the process which etches said oxide film 21 and forms a contact 
aperture, The process which carries out patterning and forms a polysilicon party turn after 
putting the polish recon film using the lamp rising method, Like ion grouting for applying all over 
a substrate and forming emitter area The process which coincidence is made to diffuse the 
impurity by which the ion implantation was carried out, and forms base area and emitter area. 
The process which forms an oxide film 29 and the BPSG (Boro-Phospho-Silicate Glass) film, 
The manufacture approach of the polish recon emitter bipolar transistor characterized by 
including the process which carries out sequential etching of said BPSG film and oxide films 29 
and 21 in a photolithography, and forms metallic contact opening, and the process which applies 
and carries out patterning of the metal membrane, and forms a metal-electrode pattern. 
[Claim 2] A contact aperture is the manufacture approach of the polish recon emitter bipolar 
transistor according to claim 1 characterized by being for contacting a single crystal silicon 
substrate and a polysilicon party turn. 

[Claim 3] The step at which the process which forms a contact aperture applies the 
photosensitive matter completely on an oxide film 21, The step to which the part in which is 
etched in the photosensitive matter in a photolithography and a contact aperture is formed is 
exposed, The step which etches the step which etches an oxide film 21 by the reactive-ion- 
etching method, and the part by which the single crystal silicon substrate produced when 
etching an oxide film 21 was harmed, since — the manufacture approach of the polish recon 
emitter bipolar transistor according to claim 1 or 2 characterized by becoming. 
[Claim 4] The manufacture approach of the polish recon emitter bipolar transistor according to 
claim 3 characterized by etching the part by which the single crystal silicon substrate was 
harmed by the plasma method. 

[Claim 5] It is the manufacture approach of the polish recon emitter bipolar transistor according 
to claim 1 characterized by raising temperature even to the covering temperature of normal 
polish recon gradually, and putting the polish recon film after it holds the temperature of a tube 
at about 400-degree C low temperature and a wafer enters into a tube completely, when a 
wafer enters into a covering tube in the case of covering of said polish recon film. 
[Claim 6] The manufacture approach of the polish recon emitter bipolar transistor according to 
claim 1 characterized by said polysilicon party turn becoming the diffusion source of emitter 
area. 

[Claim 7] The process used as the wafer with which it had N well as collector area surrounded 
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by the flasking layer and the epitaxial layer, and the P type impurity for base area formation was 
poured in on the single crystal Si substrate, Said process which forms an oxide film all over a 
wafer, and the process which etches the predetermined oxide film on said base area by the 
reactive-ion-etching method, and forms the contact aperture for emitter area contact, The 
process which etches the single crystal Si substrate exposed through the contact aperture by 
the plasma-etching method, In case polish recon is put on said wafer within a tube, tube 
temperature The process which normal polish recon formation temperature is raised after it 
holds at 300 degrees C - 450 degrees C and a wafer enters completely, when a wafer enters in 
a tube, and puts polish recon all over a wafer, ****** — the manufacture approach of the 
polish recon emitter bipolar transistor characterized by things. 

[Claim 8] The process which carries out pattern NINGU of the polish recon film following said 
polish recon covering process, and forms the polysilicon party turn for emitter contact, The 
process which carries out the ion implantation of the N type impurity for emitter area formation 
to the polysilicon party turn for emitter contact, The manufacture approach of the polish recon 
emitter bipolar transistor according to claim 7 characterized by including further the process 
which is made to diffuse said P type and the N type impurity by which the ion implantation was 
carried out, and forms base area and emitter area. 

[Claim 9] The manufacture approach of the polish recon emitter bipolar transistor according to 
claim 8 characterized by the N type impurity poured into said polysilicon party turn for emitter 
contact becoming the diffusion source of emitter area. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of decreasing the high resistance 
to generate, in detail about the manufacture approach of a polish recon emitter bipolar 
transistor with low emitter resistance in the case of polish recon emitter formation. 
[0002] 

[The conventional technique and a technical problem] A polish recon (polycrystal Si) emitter is 
widely used not only for high capacity and a high-speed bipolar transistor but for a Bi-CMOS 
(bipolar CMOS) component. When manufacturing the bipolar transistor which has polish recon 
emitter structure, the oxide film currently formed on the single crystal silicon substrate is 
removed so that a single crystal silicon substrate and the polish recon film used for an 
electrode may be connected first, and, subsequently the polish recon film is formed by ****** 
arrival methods, such as vacuum evaporationo. 

[0003] However, in order to manufacture a polish recon emitter, when removing an oxide film 
and forming the polish recon film, the trouble by removal of an oxide film and the trouble by 
formation of the polish recon film arise. 

[0004] First, the trouble produced by removing the oxide film which exists in a single crystal 
silicon substrate is explained. In order to remove an oxide film, the front face (part which should 
usually serve as base area) of the single crystal silicon substrate which is directly under an 
oxide film when it etches by the reaction ion etching method was harmed, emitter resistance 
increased the oxide film, and there was a trouble that a working speed and a transconductance 
fell. 

[0005] Next, after removing an oxide film, the trouble produced in case the polish recon film is 
formed is considered. There is the approach of making it usually vapor-deposit with the target 
approach or the approach of making it vapor-deposit using the lamp rise covering method 
(Ramp-up deposition) as approach on which the polish recon film is made to put. Next, these 
two approaches are explained. 

[0006] (1) Usually, to [ when a wafer is made to enter in a tube in order to make the polish 
recon film vapor-deposit in order to hold the tube in the elevated-temperature condition 
beforehand, although a wafer is made to enter into a 625 degrees C / whose target approach 
this gentleman methods are 600 thru/or polycrystal Si formation temperature especially usual / 
650 degrees C / hot tube and it is made to vapor-deposit ] an oxide film will begin to grow on a 
single crystal silicon substrate. 

[0007] So, although such an approach removed the oxide film in the point process, in order that 
an oxide film may grow again on a single crystal silicon substrate in the vacuum evaporationo 
process of the polish recon film which is a back process, an oxide film exists between a single 
crystal silicon substrate and the polish recon film, and this oxide film brings about the contact 
failure between the polish recon film and a single crystal silicon substrate. Moreover, emitter 
resistance increases with the polish recon film and the oxide film which grows from the 
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interface of single crystal silicon, and the property of transistors, such as a fall of a rate and a 
fall of a transconductance, falls. 

[0008] On the other hand, in order to remove such a regeneration oxide film, heat treatment 
which used separately, hot heat treatment process (Diffusion tube), for example, diffusion tube, 
900 degrees C or more, or rapid thermal annealing (Rapid thermal annealing) has been 
performed. 

[0009] However, in the heat treatment process using a diffusion tube, the engine performance 
of a component fell with the heat energy by the elevated-temperature process of long duration, 
and in rapid thermal annealing, although there was little heat energy which is a short-time 
process and attains to a component, there was a trouble that the homogeneity on a process 
and productivity were bad. 

[0010] (2) The lamp rise covering method this gentleman methods are other approaches of 
forming the polish recon film, and recently, in order to avoid said problem of re-growth of an 
oxide film [ in / usually / the target approach ], this lamp rise covering method is mainly used. 
The lamp rise covering method is the approach of holding the temperature of a tube in ordinary 
temperature, when making a wafer enter into a polish recon diffusion tube, raising to 600 
thru/or a 650-degree C elevated temperature, when a wafer enters completely in a tube, and 
putting single crystal silicon. 

[001 1] However, in the lamp rise covering method, since the time amount for raising tube 
temperature to an elevated temperature from ordinary temperature for every wafer is needed, 
the problem of mass-production nature has gained power. 
[0012] 

[Means for Solving the Problem] Before this invention is made in view of such a point and puts 
the polish recon film, it offers the manufacture approach of a bipolar transistor that dry etching 
of the single crystal silicon substrate harmed when etching the oxide film which exists on a 
single crystal silicon substrate by the reactive-ion-etching method can be carried out by the 
plasma method, and emitter resistance can be decreased. Moreover, in formation of the 
subsequent polish recon film, when making a wafer enter in a tube A tube about 400 degrees C 
when it holds at low temperature comparatively and enters completely in a tube By raising tube 
temperature to the formation temperature (600 degrees or more, especially 625 degrees C) of 
the polish recon film, and putting the polish recon film, growth of an oxide film is controlled and 
the manufacture approach of a bipolar transistor that emitter resistance can be decreased by it 
is offered. 

[0013] Namely, the manufacture approach of the polish recon emitter bipolar transistor of this 
invention The process which forms N+ flasking layer and an N type epitaxial layer on a silicon 
substrate, The process which forms the N type well used as the collector area where the ion 
implantation of the N type impurity is carried out, and a bipolar transistor is formed on an 
epitaxial layer, The process which forms field oxide by oxidation, and the process which forms 
N+ diffusion layer in collector area, The process which carries out the ion implantation of the P 
type impurity, and forms the ion-implantation area for base area formation, The process which 
forms an oxide film, and the process which etches said oxide film and forms a contact aperture, 
The process which carries out patterning and forms a polysilicon party turn after putting the 
polish recon film using the lamp rising method, Like ion grouting for applying all over a substrate 
and forming emitter area The process which coincidence is made to diffuse the impurity by 
which the ion implantation was carried out, and forms base area and emitter area, The process 
which forms an oxide film and the BPSG (Boro-Phospho-Silicate Glass) film, the process which 
carries out sequential etching of said BPSG film and oxide film in a photolithography, and forms 
metallic contact opening, and the process which puts and carries out patterning of the metal 
membrane, and forms a metal-electrode pattern — since — it is characterized by becoming. 
[0014] Furthermore, the formation process of the contact aperture for contacting the single 
crystal silicon substrate of this invention, and a polysilicon party turn which it is The step which 
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applies the photosensitive matter completely on an oxide film, and the step to which the part 
where the photosensitive matter is etched in a photolithography and a contact aperture is 
formed is exposed, the step which etches an oxide film by the reactive-ion-etching method, and 
the step which etches the single crystal silicon substrate harmed when etching an oxide film by 
the plasma method — since — it is characterized by becoming. 

[0015] Furthermore, the approach of forming said polish recon film of this invention holds a tube 
at about 400-degree C low temperature, when a wafer enters into the tube for covering 
formation, and when a wafer enters in a tube completely, it is characterized by raising 
temperature even to the formation temperature of steady polish recon gradually. 
[0016] Especially the manufacture approach of the polish recon emitter bipolar transistor of this 
invention The process used as the wafer with which it had N well as collector area surrounded 
by the flasking layer and the epitaxial layer, and the P type impurity for base area formation was 
poured in on the single crystal Si substrate, Said process which forms an oxide film all over a 
wafer, and the process which etches the predetermined oxide film on said base area by the 
reactive-ion-etching method, and forms the contact aperture for emitter area contact, The 
process which etches the single crystal Si substrate exposed through the contact aperture by 
the plasma-etching method, In case polish recon is put on said wafer within a tube, tube 
temperature When a wafer enters in a tube, after it holds at 300 degrees C - 450 degrees C and 
a wafer enters completely, normal polish recon formation temperature is raised, and it is 
characterized by including the process which puts polish recon all over a wafer. 
[0017] By etching an oxide film and forming a contact aperture by the reactive-ion-etching 
method, the photosensitive matter which may remain in the contact aperture can be removed 
completely, and contact resistance can be reduced. On the other hand, although a single crystal 
silicon substrate is harmed by etching by this reactive-ion-etching method, the plasma-etching 
method performed after that can be etched, while the bias demanded within equipment 
compared with a reactive-ion-etching method is small and induces fewer damage, and the field 
which is smooth irregularity and which is not ****** can be made to recover it. Moreover, 
about formation of the subsequent polycrystal Si, in tube temperature in case a wafer enters, 
the re-growth rate of an oxide film is very low, and rather than polycrystal Si formation 
temperature, since especially 300-450 degrees C were set as about 400 degrees C, since [ of 
low temperature ] it can moreover go up to polycrystal Si formation temperature in a short 
time, mass-production nature and the yield are remarkably raised to a tube. 
[0018] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[0019] Drawin g 1 thru/or drawin g 14 show the production process of a polish recon 
EMITTABAIPORAN transistor with the low emitter resistance of this invention. 
[0020] Drawing 1 shows the process which forms a flasking layer. A photolithography process 
for specific resistance to carry out sequential formation of the primary oxide film 2 and the 
nitride 3, and form N+ flasking layer on the P type silicon substrate 1 which is the starting 
material which has the crystal face of being 5-ohmcm (100), is performed. That is, after applying 
the actinolite (photoresist) on said primary nitride 3, a photolithography process is performed 
and the ion notes necessary opening 4 is formed. Ion-implantation area 5 f for carrying out the 
ion implantation of the As which is an N type impurity to the degree about two 1 **** 5x1015 
ions/cm through said opening 4, and forming N+ flasking layer in it is formed, and the actinolite 
is removed. 

[0021] In drawing 2 , after diffusing impregnation ion by the usual heat treatment, forming N+ 
flasking layer 5 and removing the primary oxide film 2 and a nitride 3, the epitaxial layer 6 which 
has the thickness of about 1.5 micrometers is grown up all over a substrate. And after forming 
the secondary oxide film 7 and a nitride 8 completely on an epitaxial layer 6 and applying the 
photosensitive matter, the ion notes necessary opening 9 for etching the secondary nitride 8 
and an oxide film 7 at a photolithography process, and forming collector area is formed. 
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[0022] The ion implantation of the phosphorus P ion which is an N type impurity is carried out 
to about two 1 thru/or 3x1012 ions/cm through opening 9, and the actinolite is removed after 
forming the N type well 10 which is the area in which a bipolar transistor is formed like drawing 
3 . After removing the actinolite applied for formation of opening 9, in order to form field oxide, 
the 3rd oxide film 1 1 and a nitride 12 are formed. 

[0023] Drawing 4 shows the process into which form field oxide in and an active ingredient 
child's area is made to divide. After applying the photosensitive matter 13 on the 3rd nitride 12, 
the nitride 1 2 of the part in which a photolithography process is performed and field oxide is 
formed is etched. 

[0024] In drawin g 5 , after removing said photosensitive matter 13, field oxide 14 is formed by 
the usual thermal oxidation, and the 3rd nitride 12 is removed. 

[0025] Drawin g 6 shows the process for forming N+ diffusion layer in the collector area 10. The 
photosensitive matter 15 is applied again, carries out a photolithography, and the ion notes 
necessary opening 16 is formed. An ion implantation is carried out to about two phosphorus P 
ion 3 **** 5x1015 ions/cm through this opening 16 in the collector area 10, the N+ diffusion 
layer 1 7 is formed, and the photosensitive matter 1 5 is removed. The N+ diffusion layer 1 7 is 
formed in order to decrease collector resistance. 

[0026] Drawing 7 shows the process for forming base area. After applying and carrying out the 
photolithography of the photosensitive matter 18 and forming opening 19, boron B ion is poured 
into about two 1 thru/or 3x1013 ions/cm, the ion-implantation area 20 is formed, and the 
photosensitive matter 1 8 is removed. 

[0027] Dr awin g 8 and dr awin g 9 show the contact fenestration process for contacting the polish 
recon film formed at a single crystal silicon substrate (ion-implantation area 20) and a back 
process. 

[0028] In drawing 8 , the part where an oxide film 21 is formed on a substrate, the 
photosensitive matter 22 is applied completely, the photosensitive matter 22 is etched at a 
photolithography process, and a contact aperture is formed on it is exposed. 
[0029] In drawin g 9 , the oxide film 21 of the part in which a contact aperture is formed is 
etched by the reactive-ion-etching method, and the contact aperture 23 is formed. In this way, 
when an oxide film 21 is etched, the exposed single crystal silicon substrate (ion-implantation 
area 20) will be harmed. A sign 24 shows the part by which the single crystal silicon substrate 
(ion-implantation area 20) was harmed, when said oxide film 21 is etched. In addition, the 
concrete conditions of a reactive-ion-etching method (RIE) were made into ** gas:gas 1 (CF4) 
55SCCM, gas 2 (02)45SCCM, ** pressure:450mTorr, **RF power: 100W, and ** time amount:20 
seconds. 

[0030] Drawing 10 shows the process which forms the polish recon film for emitter connection. 
The beautiful part (part which recovered damage) 25 which is not harmed by etching by the 
plasma method in the single-crystal-silicon layer 24 harmed in the contact opening 23 is 
exposed, and the photosensitive matter 22 is removed. In addition, the concrete conditions of 
plasma etching were set to ** gas:gas 1 (CHF3)133SCCM, gas 2 (02)15SCCM, ** 
pressure:52mTorr, and **DC power:590V. 

[0031] Next, when forming the polish recon film 26 all over a substrate, and a wafer enters into 
the tube for covering, after it holds tube temperature at 400 degrees and a wafer enters 
completely in a tube, temperature is raised the rate for 1 0-degree-C/, it raises to the covering 
temperature of even 625 degrees C of steady polish recon, and the polish recon film 26 is 
formed. In this case, it required for making it go up to 625 degrees C for about 22 minutes and 
30 seconds. In addition, compared with the case where it is made to go up to 625 degrees C in 
a second in 10 degrees C /, it was similarly shortened by about about 40 minutes from the 
general lamp rising method (- 27 degrees C), i.e., ordinary temperature. 

[0032] In drawin g 1 1 , polysilicon party turn 26' is formed by carrying out the photolithography 
of the polish recon film 26, and carrying out patterning of the polish recon film. After forming 
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polysilicon party turn 26\ an ion implantation is carried out by about two 1 **** 2x1016 
ions/cm, arsenic As covering [ which becomes the emitter source ] it over the whole surface. 
[0033] In drawing 12 , coincidence is made to diffuse the impurity by which the ion implantation 
was carried out at the process of dr awin g 7 and drawin g 1 1 , and the base area 27 and the 
emitter area 28 are formed. 

[0034] In drawing 13 , after forming an oxide film 29 and the BPSG film 30 and applying the 
photosensitive matter, at a photolithography process, sequential etching of the BPSG film 30 
and the oxide films 29 and 21 is carried out, and the metallic contact opening 31 is formed. 
[0035] After removing the photosensitive matter, as shown in drawing 1 4 , a polish recon 
emitter bipolar transistor with low resistance of this invention is obtained by applying and 
carrying out patterning of the metal membrane, and forming the metal-electrode pattern 32. 
[0036] 

[Effect of the Invention] According to this invention, by carrying out dry etching (dry etching) of 
the single crystal silicone film spoiled when removing an oxide film, in order to contact the 
single crystal silicon substrate and polish recon film for emitter formation in plasma etching, it 
can prevent that recover the damage and emitter resistance goes up, and properties, such as a 
working speed and a transconductance, can be raised. 

[0037] Furthermore, in case the polish recon film is formed, when a wafer enters into the tube 
for covering, the temperature of a tube is held at 300 degrees C - 450 degrees C of low 
temperature. By raising to the formation temperature (600 degrees C or more) of the polish 
recon film, and forming the polish recon film, when a wafer enters in a tube completely The 
polish recon emitter bipolar transistor which controls re-growth of an oxide film and has low 
emitter resistance can be manufactured, moreover process time amount can be shortened, and 
mass-production nature can be raised remarkably. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 2] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 3] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 4] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[ Drawin g 5] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 6] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 7] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[ Drawing 8] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[ Drawin g 9] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 10] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 1 1] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[ Drawing 12 ] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 13] The production process Fig. of a bipolar transistor with the low emitter resistance 
of this invention. 

[Drawing 14] The production process Fig. of a bipolar transistor with the low emitter resistance 

of this invention. 

[Description of Notations] 

1 — Single crystal silicon substrate 

2, 7, 11, 21, 29 — Oxide film 

3, 8, 12 — Nitride 

4, 9, 16, 19 — Opening 

5 — Flasking layer 

5', 20 — Ion-implantation area 

6 — Epitaxial layer 
10 — Collector area 
14 — Field oxide 
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17 — N+ diffusion layer 

13, 15, 18, 22 — Photosensitive matter 

23 — Contact aperture 

24 — Part by which the single crystal silicon substrate was harmed 

25 — Part which recovered damage 

26 — Polish recon film 

27 — Base area 

28 — Emitter area 
30 — BPSG film 

32 — Metallic contact aperture 

33 — Metal electrode 



[Translation done.] 
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